Introduction

27
Wheat is a dominant crop in Loess Plateau accounting for 35% of total planting area [1-2].
28
Dryland wheat production in Loess Plateau is highly dependent on the timing and extent of rainfall 29 whereas most of the precipitation is mainly concentrated during summer fallow period. Significant 30 climatic changes have been observed in this area such as average precipitation is decreasing by 3 mm 31 and average temperature is increasing by 0.6°C per decade with sudden incidence of drought [3] [4] .
32
These climatic changes are causing the unstable wheat production in dryland area of Shanxi 33 province due to extreme variation in precipitation and low water retention capacity of soil [5] . In the
34
Loess Plateau, a short summer fallow of about 3 month is practiced after the harvest of the previous 35 winter wheat in late June and planting of the succeeding crop in late September to conserve soil 36 water. Available soil moisture at sowing time depends on the tillage method used during fallow 37 period [6] [7] [8] . Thus, improving soil water conservation is crucial to increase the yield of dryland 38 wheat.
39
The sowing date also has a significant effect on the yield response of wheat [9, 10] . Sowing time
40
influences the accumulating temperature before winter, and affects the nutrient uptake and 41 transportation of plants, and ultimately affects the yield [11] . Sowing date strongly influence the use 42 of environmental resources and optimal sowing can make full use of resources such as pre-winter 43 light, heat, nutrient and water to develop strong seedlings and promote yield formation [12] . Under 44 irrigation system the sowing time can be adjusted whereas in rain-fed dryland farming the sowing time might be delayed due to scarcity of residual soil moisture under erratic rain condition [13] .
46
Furthermore, conventional tillage method also results in excessive soil disturbance and drying of surface soil. Therefore, saving the residual soil moisture from precipitation during fallow season and 48 adjustment of sowing date become key determining factors for yield determination of dryland 49 winter wheat [6] .
50
Yield formation of rainfed winter wheat is effected to different extent under early and late 51 sowing [13] . Sun et al. [14] studied the impact of different sowing dates on yield in the North China
52
Plain and found that the yield of wheat sown after October 10 was significantly reduced with the 53 delay in sowing date. Zhou et al. [5] showed that late planting could increase the pre-anthesis 54 accumulation of nitrogen in the vegetative organs and the contribution rate of nitrogen to the grain.
55
In contrast, Qu et al. [15] showed that the pre-anthesis transport and translocation of nitrogen in the 56 vegetative organs, and contribution rate of nitrogen to grain were decreased with the delay of 57 sowing date and the grain yield was increased significantly under delayed sowing time and 58 increasing density.
59
Subsoiling has previously proved a promising technique for increasing water storage, reducing 60 water loss, enhancing water availability, and saving energy, as well as increasing wheat yield. Liu et 61 al. [16] showed that subsoiling improved soil moisture content in the 0-160 cm soil layer before 62 sowing, which was increased by 1% than traditional tillage. Wang et al. [17] showed that during the 63 fallow period, the subsoiling improved the soil water storage capacity of 0-180 cm by 9-24 mm 64 before sowing. Wang et al. [18] showed that subsoiling can effectively accumulate precipitation 65 during fallow period, significantly increased soil water storage capacity from 0 to 200 cm before 66 sowing, improve water use efficiency by 39% and finally increase yield.
67
In addition, different tillage methods could also affect the uptake and accumulation of nitrogen 
73
the vegetative organs before flowering and its contribution to grain were found highest in leaves,
74
followed by glume+cobs and lowest was in stem+leaf sheaths. Furthermore, tillage practice has 75 increased the amount of nitrogen by 20 kg ha -1 , 9 kg ha -1 , and 2 kg ha -1 , than no-tillage which in turn 76 increased the final yield increased by 26% [21] .
77
It can be seen that tillage and sowing time can affect the translocation of plant nutrient thus 78 affecting the yield, and need is to further explore how to adjust the sowing time to realize the 79 increase of production under the premise of realizing the water storage. Therefore, the aim of the 80 present research was to explore the effects of different sowing time on the changed source-sink ratio, 81 accumulation and translocation of nitrogen and its contribution to yield of dryland wheat and 82 condition of water storage in soil under subsoiling, in order to provide a theoretical basis for the 83 realization of yield increase in dryland.
.
84
Materials and Methods
85
Site characteristics and description
86
The experiment was carried out from 2012 to 2014 at the dryland wheat experimental station of
87
Shanxi Agricultural University located at Wenxi (35°20′N,111°17′E), Shanxi Province, China.
88
Rain-fed agriculture is popular in this area due to unavailable irrigation condition. Winter wheat is 89 usually planted in the early October and no irrigation was supplied. After the harvesting of wheat,
90
field was left fallow until next sowing.
91
Meteorological conditions
92
The experimental area is hilly arid land with semiarid climate typical of Northeast Loess 
115
The two-factor split plot design was adopted, taking the tillage method as the main factor and 116 sowing dates as the sub-plot factor. Each treatment was repeated 3 times. Before sowing, nitrogen,
117
phosphorus and potash fertilizers were applied using 150 kg ha -1 of urea, P2O5, and K2O respectively.
118
No top fertilizer was applied during growth period. Basic soil properties were determined from 0-20 
Contribution of pre-anthesis N to grain N (%) = (pre-anthesis N translocation) ⁄ (grain N content at maturity) ×100,
Post-anthesis N accumulation = N content of whole plant at maturity -N content of the whole plant at anthesis,
Contribution of post-anthesis remobilized N to grain N (%) = (post-anthesis remobilized N) ⁄ (grain N content at maturity) ×100, 
190
The contribution rate of N translocation in the plant before anthesis (about 75%) was greater
191
than the contribution rate of N accumulation after anthesis (about 25%) to the grain N (Table 1) . 
192
214
Accumulation and translocation of N in all plant parts was highest under medium sowing time,
215
while the late and early sowing significantly decreased the N accumulation and translocation in leaf, 216 stems+sheaths, glume+spike (Table 2) . Contribution rate to the grain was highest in medium sowing 
Correlation coefficients between soil moisture and nitrogen accumulation and translocation in plant parts
226
before anthesis
227
Under subsoiling and different sowing periods, the soil water storage in the 0-300 cm soil layers 228 during the fallow period was positively correlated with the nitrogen accumulation and translocation
229
of plant parts before flowering (Table 3) Peer-reviewed version available at Agronomy 2019, 9, 37; doi:10.3390/agronomy9010037 
239
298
On the basis of suitable sowing date, the growth of root system was promoted further 
305
Subsoiling during the fallow period significantly increased the yield (17%-36%) compared with 306 the conventional tillage (Table 4 ). Wang and Shangguan [7] reported that wheat yield in Loess
307
Plateau region is sensitive to soil water content at plantation and grain yield increased linearly with Table   323 3). This may be related to the distribution of wheat roots in the soil and consistent with the results of
324
Zhang et al. [31] . The distribution of wheat root length in different depth soil layer shows "T" shape 
359
Early and late sowing significantly decreased the N accumulation and translocation before 360 anthesis (Table 1 ). The contribution rate of N to the grain after anthesis was decreased at early and 361 medium sowing, whereas the contribution rate of N accumulation to grain was significantly 362 improved by late sowing at post-anthesis. This may be because late sowing increases the proportion 363 of N translocation from the glume+spike to grain, and improves the ability of the plant to use 364 already absorbed N for grain production.
365
Ding et al. [38] showed that the accumulation of N in leaves and stems was significantly linearly 
